ABSTRACT Background: Maternal dietary patterns during pregnancy have been shown to influence infant birth outcomes. However, to our knowledge, only a few studies have examined the associations in Asian populations. Objective: We characterized maternal dietary patterns in Asian pregnant women and examined their associations with the risk of preterm birth and offspring birth size. Design: At 26-28 wk of gestation, 24-h recalls and 3-d food diaries were collected from the women in the Growing Up in Singapore Towards healthy Outcomes mother-offspring cohort. Dietary patterns were derived from exploratory factor analysis. Gestational age was determined by a dating ultrasound scan in the first trimester, and infant birth anthropometric measurements were obtained from hospital records. Associations were assessed by logistic and linear regressions with adjustment for confounding factors. Results: Three maternal dietary patterns were identified: vegetable, fruit, and white rice (VFR); seafood and noodle (SfN); and pasta, cheese, and processed meat (PCP). Of 923 infants, 7.6% were born preterm, 13.4% were born small for gestational age, and 14.7% were born large for gestational age. A greater adherence to the VFR pattern (per SD increase in VFR score) was associated with a lower risk of preterm births (OR: 0.67; 95% CI: 0.50, 0.91), higher ponderal index , and increased risk of a large-for-gestational-age birth (RR: 1.31; 95% CI: 1.06, 1.62). No associations were observed for the SfN and PCP patterns in relation to birth outcomes. Conclusions: The VFR pattern is associated with a lower incidence of preterm birth and with larger birth size in an Asian population. The findings related to larger birth size warrant further confirmation in independent studies. This trial was registered at clinicaltrials.gov as NCT01174875.
INTRODUCTION
Globally, 11% of infants are born preterm (,37 wk of gestation) (1) , and 27% are born small for gestational age (SGA) 17 (birth weight ,10th percentile for gestational age) in low-and middle-income countries (2) . Previous studies have also demonstrated an increase in the prevalence of large-for-gestational-age (LGA) (birth weight .90th percentile for gestational age) births (3) . Preterm birth and being inappropriately small or large at birth, defined mostly by birth weight and ponderal index, are associated with a higher risk of neonatal mortality, morbidity, and noncommunicable diseases in adulthood (1) (2) (3) (4) .
Maternal nutrition is one of the major determinants for optimal fetal development and growth (5) and consequently birth outcomes. Although several studies have evaluated the relation of maternal intakes of micronutrients, macronutrients, and specific food groups with birth outcomes (5-7), a growing number of studies has adopted the dietary pattern approach (8) (9) (10) (11) (12) (13) (14) (15) . Examining dietary patterns is of interest and value because it evaluates the overall diet and takes into account the interactive (i.e., synergistic or antagonistic) effects between nutrients (16) , which is often not achievable by studies that examine singular nutrients or foods.
Whereas diets characterized by a high consumption of fried and processed meats, otherwise known as the Western diet, are generally associated with an increased risk of preterm birth (8, 9) , diets rich in vegetables and fruits, known as the prudent diet, are associated with a lower incidence of preterm birth (10) . With birth size, prudent diets such as the health-conscious pattern in the United Kingdom (nonwhite bread, fruits, pasta, and rice) (11) , nutrient-dense pattern (fruits, vegetables, and low-fat diary) in the United States (12) , and the rice, fish, and vegetable pattern in Japan (13) are generally associated with higher birth weight and decreased risks of SGA (14, 15) . Overall, it seems that a prudent dietary pattern is generally associated with more optimal birth outcomes.
Most existing studies have been conducted in Caucasians (8-12, 14, 15) . Only one study to our knowledge has been conducted in a Japanese population (13) . Whether the same associations are seen in a multiethnic Asian cohort is unknown, particularly when there are stark differences in consumption patterns (17) . In addition, to our knowledge, no study to date has examined the associations of maternal dietary patterns with the risk of LGA births and indicators of infant adiposity. Such examinations will be valuable given the growing trend of bigger babies and the current childhood obesity epidemic (18) .
In this study (NCT01174875), we characterized maternal dietary patterns in a multiethnic Asian cohort of pregnant women and examined the associations of maternal dietary patterns in relation to preterm birth and offspring birth size.
METHODS

Study participants
First-trimester pregnant women aged 18-50 y (n = 1247) were recruited from KK Women's and Children's Hospital and National University Hospital between June 2009 and September 2010 to participate in the GUSTO (Growing Up in Singapore Towards healthy Outcomes) birth cohort study (19) . These participants were citizens of Singapore or permanent residents who intended to deliver in the previously mentioned hospitals; planned to reside in Singapore for the next 5 y; agreed to donate placenta, cord, and cord blood at delivery; and had spouses of the same ethnicity, both of whom had a homogenous parental background of Chinese, Malayan, or Indian descent. Women were not eligible if they received chemotherapy or psychotropic drugs or had serious health conditions such as type 1 diabetes mellitus. This study was approved by the National Health Care Group Domain Specific Review Board and the Sing Health Centralized Institutional Review Board. All participants gave their informed written consent upon recruitment.
Maternal dietary assessment
Dietary intakes of the participants were assessed at 26-28 wk of gestation with the use of a 24-h recall and 3-d food diary as previously described (20) . In brief, the 24-h recall was administered by trained clinical staff with the use of the 5-stage multiple-pass recall interviewing technique to maximize participants' recollection of food and beverage consumption during the previous day (21) . The clinical staff also guided the participants on how to fill up the food diaries for completion at home during the following week. To assist women in quantifying their food intake, standardized household measuring utensils and pictures of various food portion sizes were presented. The nutrient analysis of the dietary records was performed with the use of Dietplan7 (Forestfield Software), which contains a food composition database of locally available foods (22) . Any inaccuracies found were modified. All food and drinks recorded were allocated into 68 food groups. Foods were grouped according to similarity of nutrient composition and comparable usage.
Infant characteristics at birth
In all infants, gestational age was determined by a dating ultrasound scan in the first trimester, and preterm birth cases (,37 wk) were stratified as spontaneous and induced (23) . The main reasons for preterm birth were premature ruptures of membranes, intrauterine growth restriction, and maternal indications such as gestational diabetes mellitus (GDM) and hypertensive disorders. Infant sex, birth order, birth weight, and body length were retrieved from birth delivery reports. Infant birth weight was measured shortly after birth with the use of a SECA 334 weighing scale to the nearest 1 g, and recumbent birth length was measured from the top of the head to the soles of the feet with the use of a SECA 210 mobile measuring mat to the nearest 0.1 cm. The ponderal index was calculated as kg/m 3 . Body circumferences at 3 sites (head, abdominal, and middle arm) were recorded to the nearest 0.1 cm with the use of a nonstretchable measuring tape (SECA 212). Two skinfolds (triceps and subscapular) were measured in triplicates with the use of Holtain skinfold calipers on the right side of the body and recorded to the nearest 0.2 mm. Percentage of body fat was estimated with the use of a validated equation derived from the GUSTO cohort (24) . SGA was defined as birth weight ,10th percentile for gestational age and LGA as birth weight .90th percentile for gestational age with the use of the global birth-weight reference (25) . We used a global birth-weight reference developed with the use of the fetal-weight reference (26) incorporating the proportionality function (27) . This reference can be adapted for any population by inputting the mean 6 SD birth weight at 40 wk of gestation of that population. To adapt to the GUSTO cohort, the mean birth weight at 40 wk of gestation was 3392 6 380 g (males) and 3340 6 326 g (females). At 40 wk of gestation, the 10th percentile birth weight used to define SGA was 2964 g (males) and 2947 g (females), and the 90th percentile used to define LGA was 3838 g (males) and 3716 g (females).
Maternal characteristics
Maternal ethnicity, age, educational status, and self-reported prepregnancy weights were collected from the participants during recruitment. Information on cigarette smoking and alcohol consumption during pregnancy was obtained between 26 and 28 wk of gestation. During clinical visits, maternal weights were measured in duplicates with the use of SECA 803 digital bodyweight scales, and standing heights were measured with a SECA 213 stadiometer. Weight gains until 26-28 wk of gestation were calculated by subtracting self-reported prepregnancy weights from weights measured between 26 and 28 wk of gestation. Oral-glucose-tolerance tests were conducted between 26 and 28 wk of gestation after the dietary recalls to identify women with GDM according to WHO diagnostic criteria (28) .
Participants included in the analysis
Of the 1247 participants, we excluded women who had undergone in vitro fertilization (n = 85) or were bearing twins (n = 10). From the remaining 1152 women, 923 who provided 24-h recalls reported to be reflective of their typical diets and who had information on their offspring birth outcomes were included in the analysis (Supplemental Figure 1 ). There were no significant differences in the characteristics between women included (n = 923) and excluded in the study (n = 229) except for age (P = 0.03) (Supplemental Table 1 ).
The 24-h recalls were our primary source of dietary data because only a subset of participants (n = 212) completed and returned their 3-d food diaries. We conducted subgroup analyses on participants who provided their 3-d food diaries to assess the consistency of our study results.
Dietary pattern derivation
We used exploratory factor analysis to characterize maternal dietary patterns during pregnancy. Dietary patterns were derived by principal component extraction with the use of varimax rotation on the 68 food groups. Three factors (i.e., dietary patterns) were considered and the number of factors chosen to retain was determined by the break point of the Scree plot and factor interpretability. With the use of dietary records from 24-h recalls, the dietary pattern score for each participant was calculated by summing the standardized intake of food groups (grams per day) weighted by their factor loadings. Dietary pattern scores from the 3-d food diaries were calculated by summing the mean standardized intake of food groups (grams per day) in the food diaries weighted by their respective factor loadings. Factor loadings are correlation coefficients between each food group and the dietary pattern; hence, higher dietary pattern scores indicate greater adherence to the derived pattern.
Statistical analyses
Maternal characteristics and nutrient intakes were summarized according to quintiles of dietary pattern scores. P-trends were assessed by modeling the median value of the quintiles in a linear regression analysis (continuous) or with the use of the Mantel-Haenszel chi-square test for linear trends (categorical).
The associations of dietary pattern scores with birth anthropometric measurements were analyzed by linear regression. The main outcome measures were birth weight, birth length, and ponderal index, whereas secondary analyses included body circumferences (head, abdominal, and midupper arm), the sum of subscapular and triceps skinfold thicknesses, and estimated percentage body fat at birth. For binary birth outcomes (preterm birth, spontaneous preterm birth, induced preterm birth), logistic regression analyses were used, whereas SGA and LGA were analyzed with the use of multinomial logistic regression with reference to appropriate-for-gestational-age births. These models were adjusted for infant sex and birth order and maternal total energy intake, age, ethnicity, prepregnancy BMI (in kg/m 2 ), weight gain until 26-28 wk of gestation, height, GDM status, educational status, alcohol use, smoking during pregnancy, and other dietary patterns. Missing data (,7%) were predicted by all other variables in the model with the use of multiple imputation to retain good population representation as follows: pregnancy weight gain until 26-28 wk of gestation, n = 72; maternal height, n = 6; prepregnancy BMI, n = 65; educational status, n = 12; alcohol consumption, n = 22; and smoking status, n = 1. In total, 100 imputations were generated, and estimates of the pooled analysis are presented in Tables 3 and 4 . To evaluate whether the imputation of missing data may have affected the results, we performed additional analyses on participants with no missing data (n = 828).
Potential effect modification by infant sex and ethnicity of the association between dietary pattern scores and birth outcomes was evaluated by including appropriate interaction terms individually in the models previously mentioned. We also performed sensitivity analyses on a subgroup that excluded women with GDM (n = 750) to rule out possible confounding of the effects of GDM on birth outcomes.
All statistical analyses were performed with the use of SPSS version 19.0 (IBM). P , 0.05 was considered statistically significant. Values are presented as means 6 SDs.
RESULTS
Maternal dietary patterns
Three distinct maternal dietary patterns were identified ( Table  1) . The vegetable, fruit, and white rice (VFR) pattern was characterized by higher intakes (high positive factor loadings) of vegetables, fruits, plain white rice, whole-grain bread, fish, and nuts and seeds and lower intakes (negative factor loadings) of fried potatoes, burgers, carbonated and sweetened drinks, and flavored rice. The seafood and noodle (SfN) pattern had higher intakes of soup, seafood, fish and seafood products, noodles (flavored and in soup), and low-fat red meat and lower intakes of legumes, ethnic bread, white rice, and curry-based gravies. The pasta, cheese, and processed meat (PCP) pattern was characterized by high intakes of pasta-, tomato-, and cream-based gravies, cheese, and processed meat.
In the subset of participants (n = 212) who provided dietary data with the use of 3-d food diaries, we only identified patterns that resembled the VFR and SfN patterns (Supplemental Table  2 ). Of the 10 foods with the highest factor loadings identified from recalls and diaries, 7 food groups were common to both the VFR and SfN patterns.
Characteristics of the study population
The characteristics of 923 women were summarized according to quintiles of dietary pattern scores ( Table 2) . Women with a greater adherence to the VFR pattern tended to be older multiparous nonsmokers and had a higher educational status but were less likely to be of Malayan ethnicity. Higher SfN pattern scores were observed in taller women and in women with a lower prepregnancy BMI and educational status, but these women were less likely to be of Indian descent. The PCP pattern score was higher in primiparous women and in women with a higher educational status (P , 0.05 for all).
Women in the highest quintile of the VFR pattern had higher intakes of protein (17.1% compared with 14.6% energy) and lower intakes of fat (30.9% compared with 35.4% energy), particularly saturated fat, than the lowest quintile of the VFR pattern (all P-trends , 0.001). We observed that women with a greater adherence to the VFR pattern (fifth quintile) had the highest mean intake of protein and fiber and lowest intake of saturated fat than all other quintiles of the SfN and PCP patterns.
Associations between dietary pattern scores and preterm birth
In total, 70 births (7.6%) were preterm, including 39 spontaneous deliveries. Greater adherence to the VFR pattern was associated with a lower risk of preterm birth (OR: 0.67; 95% CI: 0.50, 0.91). This was driven largely by the association with spontaneous preterm birth (OR: 0.55; 95% CI: 0.37, 0.82) rather than induced preterm deliveries (OR: 1.18; 95% CI: 0.69, 2.03) ( Table 3) . No associations were seen for SfN and PCP patterns in relation to the risk of preterm birth.
Associations between dietary pattern scores and offspring birth size
Of 923 infants, 124 (13.4%) were born SGA and 136 (14.7%)
LGA (birth weight for SGA compared with appropriate for gestational age compared with LGA: 2541 6 266, 3078 6 328, and 3620 6 391 g, respectively). In multivariable models, there were trends toward associations between a higher VFR pattern score and higher birth weight (29. Table 4) .
In secondary analyses, a higher VFR pattern score was associated with a larger head circumference (0.11 cm per SD increase in VFR score; 95% CI: 0.02, 0.21 cm) and estimated percentage body fat at birth (0.30% per SD increase in VFR score; 95% CI: 0.05%, 0.55%). There were trends toward associations between a higher VFR pattern score and higher abdominal circumference (0.15 cm per SD increase in VFR score; 95% CI: 20.03, 0.33 cm) and a higher sum of triceps and subscapular skinfold thickness (0.13 mm per SD increase in VFR score; 95% CI: 20.03, 0.29 mm) (Supplemental Table 3 ). No associations were observed for the SfN and PCP patterns.
Sensitivity analyses
The results remained largely similar when we restricted the analysis to non-GDM mothers (n = 757). A greater adherence to the VFR pattern was associated with a lower risk of spontaneous preterm birth (OR: 0.51; 95% CI: 0.32, 0.82) and increased risk of having an LGA infant (RR: 1.34; 95% CI: 1.06, 1.71). No associations were observed for the SfN and PCP pattern in relation to preterm birth and infant birth size. When we restricted the analysis to participants with no missing data (n = 828), results were essentially the same. We did not find any evidence for a conclusive interaction between infant sex, ethnicity, and VFR pattern with regard to birth outcomes (all P-interactions . 0.05).
Subgroup analyses
When examining dietary data from the 3-d food diaries (Supplemental Table 4 ), there were trends toward an association between a higher VFR pattern score and increased risk of LGA (RR: 1.69; 95% CI: 0.88, 3.27) and lower preterm birth risk (OR: 0.55; 95% CI: 0.26, 1.17). However, we did not observe similar point estimates for birth weight and ponderal index in relation to the VFR pattern. This is likely because of the smaller sample size and insufficient statistical power. 2 Vegetables other than cruciferous, leafy-green, dark-yellow vegetables. 3 Noncarbonated, cordial, and fruit drinks. 4 Chinese-steamed bun, tortilla, idli, puri, thosai, chapati, and naan. 5 Uppuma, millet, corn, and glutinous rice. Values are means 6 SDs unless otherwise indicated. P-trends were assessed by modeling the median value of the quintiles in the linear regression analysis (continuous) or with the use of the MantelHaenszel chi-square test for linear trends (categorical). GDM, gestational diabetes mellitus; NICU, neonatal intensive care unit; PCP, pasta, cheese, and processed meat; Q, quintile; SfN, seafood and noodle; VFR, vegetable, fruit, and white rice. Hypertensive disorders during pregnancy include chronic hypertension, pregnancy-induced hypertension, pre-eclampsia, and eclampsia.
DISCUSSION
We identified 3 maternal dietary patterns from exploratory factor analysis, of which adherence to the VFR pattern was associated with a lower incidence of preterm birth, particularly spontaneous preterm deliveries. The VFR pattern was also associated with a higher birth weight, higher ponderal index, and increased risk of LGA deliveries.
In relation to premature births, several recent studies in Caucasian populations have reported that a maternal diet high in processed meat, fried potatoes, white bread, and fried meat was associated with a higher incidence of preterm birth. This association was primarily driven by the higher incidence of spontaneous preterm deliveries (8, 10) except in one study that found a stronger association with induced births (9) . Our results are in line with these studies, demonstrating that the VFR pattern-a maternal diet low in fried potatoes, burgers, carbonated drinks, and deep-fried poultry and red meat-was associated with a lower incidence of preterm birth, particularly spontaneous preterm deliveries. We also observed that the VFR pattern is low in saturated fat, high in fiber, and likely rich in phytochemicals and antioxidants from the higher intakes of fruits and vegetables. These dietary factors are known to reduce inflammation and could aid in lowering the risk of preterm premature rupture of membranes (29) .
In our study, we observed that the VFR pattern was also associated with higher offspring birth weight. Our findings are consistent with studies that have investigated the relation between maternal dietary patterns and offspring birth size (11) (12) (13) (14) (15) , generally indicating a maternal diet high in vegetables, fruits, fish, and dairy products (11) (12) (13) (14) (15) , and low intakes of white bread, fried potatoes, processed meat, and soft drinks (11, 13, 15) were associated with a higher birth weight (11) (12) (13) and lower likelihood of delivering an SGA infant (13) (14) (15) . Studies that have examined specific food groups also observed a higher infant birth weight with increased maternal consumption of milk products, fruits, and vegetables (30, 31) .
In addition, we found that the VFR pattern was associated with a higher ponderal index and increased risk of LGA births, even in infants born to mothers without GDM. Higher VFR pattern scores were also associated with larger offspring head circumference, abdominal circumference, skinfold thicknesses, and estimated percentage of body fat at birth. This collective body of evidence suggests that the VFR pattern is generally associated with larger birth size. Unlike previous studies that have largely focused on infants who are born small, this is the first study to our knowledge to examine the relation between maternal dietary patterns and inappropriately large births.
Women with a greater adherence to the VFR pattern had considerably higher intakes of micronutrient-rich fruits and vegetables. This finding is in line with a meta-analysis on multiple micronutrient interventions that showed an overall upward shift in birth weight distribution and a 13% increase in LGA babies (32) . The apparent higher effect size in our cohort (30% increased risk of LGA births) could be because the former study was conducted in less well-nourished populations of low-income countries.
Women with a high VFR pattern score also had higher intakes of white rice. White rice has a high glycemic index (GI) (33) and is known to be a major contributor to dietary glycemic load in Asia (34, 35) . This finding is reminiscent of results from GI dietary intervention studies that have shown a higher prevalence of LGA births and infants of higher birth weight, higher ponderal 1 Values are linear regression coefficients (95% CIs) for continuous variables or multinomial logistic regression coefficients (95% CIs) with reference to AGA for SGA and LGA birth outcomes. The multivariable models were adjusted for infant sex, birth order, and maternal total energy intake and maternal age, ethnicity, prepregnancy BMI, weight gain until 26-28 wk of gestation, height, gestational diabetes mellitus status, educational status, alcohol use, smoking during pregnancy, and other dietary patterns. *P , 0.05. AGA, appropriate for gestational age; LGA, large for gestational age; PCP, pasta, cheese, and processed meat; SfN, seafood and noodle; SGA, small for gestational age; VFR, vegetable, fruit, and white rice.
index, and higher fat mass born to mothers on the high-GI diet than those on the low-GI diet during pregnancy (36, 37) . It has been hypothesized that a high GI diet elevates maternal postprandial blood glucose concentration, leading to fetal hyperinsulinemia, and possibly higher intrauterine growth rate and increased fetal fat accretion (38) (39) (40) . Whether the higher intakes of white rice on the VFR dietary pattern contribute to the higher risk of LGA warrants further investigation.
To our knowledge, the SfN and PCP patterns are unique in our population. We observed trend associations between a higher SfN pattern score and higher ponderal index, but this pattern was not significantly associated with other outcomes related to birth size.
Strengths of our study include its prospective design, the study of a multiethnic Asian population, the use of ultrasound dating (which is more precise) (41) , and the assessment of several other measures of birth size in addition to the more commonly used measures such as birth weight. A key strength is the use of dietary patterns, which provides an insight into the overall quality of the diet, a feature single-food or nutrient studies cannot provide. For example, in our previous analysis, we did not find an association between maternal macronutrient intakes and birth weight in the same cohort (20) , suggesting that the dietary patterns also reflect other aspects of diet quality that are relevant for fetal health. Last, a data-driven approach was used to identify dietary patterns that capture food consumption habits in an Asian setting, which is not achievable with the use of a priori approaches (i.e., dietary indexes).
Some limitations of our study are worth noting. First, our primary source of maternal dietary information was from 24-h recalls, which may not be a good representation of an individual's usual intake because of the variation in daily intake. Subgroup analyses on participants who provided their 3-d food diaries produced similar results. In addition, we have also shown previously that our 24-h recall has good reproducibility, which provides the basis for the construction of dietary patterns (20) . Second, we assessed maternal diet at 26-28 wk of gestation, which may not represent the diet taken throughout pregnancy. However, previous studies have reported that there are minimal changes in dietary patterns throughout pregnancy (42, 43) . Third, the exploratory approach of deriving dietary patterns makes a comparison with results from other studies challenging. However, it is recognized that several major dietary patterns (e.g., prudent, Western) have shown reasonable reproducibility across different cohorts (44) . In our analysis, the VFR and PCP patterns shared some similarities with the prudent and Western diets, respectively. Moreover, our findings were largely consistent with most existing studies when we examined and made comparisons with major food groups of other dietary patterns. Last, we observed significant differences in participants' characteristics across quintiles of the dietary pattern scores. Although we have adjusted these characteristics as potential confounding factors, it is possible that our findings could still be biased by residual and unmeasured confounding.
In conclusion, the VFR pattern was associated with a lower incidence of preterm birth and with larger birth size. The findings related to larger birth size will require further investigation in independent studies.
